1. The mean attenuation coefficients of trabecular and cortical bone in the radius were measured in 32 female patients with fractured proximal femur, and in 28 age-matched female controls, with a special-purpose computed tomography -scanner.
Introduction
A significant loss of trabecular bone probably accounts for the high incidence, in elderly women, of fractures of the proximal femur as well as Colles' fractures of the wrist, and vertebral crush fractures (Crilly, Horsman, Marshall & Nordin, 1979 ). An association between fracture of the femoral neck and osteoporosis has also been shown (Stevens, Freeman, Nordin & Barnett, 1962; Wootton, Brereton, Clark, Hesp, Hodkinson, Klenerman, Reeve, Slavin & TellezYudilevich, 1979 by a positive correlation between shortening of the spine, probably due to vertebral crush fractures, and fractures of the upper end of the femur (Saville & Nilsson, 1966) . However, the most widely used atraumatic technique to assess loss of bone mineral quantitatively, photon absorptiometry (Cameron & Sorenson, 1963) , does not specifically measure the mass or density of trabecular bone because it cannot discriminate between trabecular and cortical bone. Trabecular bone, which might be expected to be reduced significantly in osteoporosis, is therefore not accessible for measurement by that technique. However, it is possible to measure quantities related to trabecular and cortical bone separately by a new method which uses a special-purpose computed tomography-scanner (Ruegsegger, Elsasser, Anliker, Gnehm, Kind & Prader, 1976) . We have applied this technique to investigate the loss of trabecular and cortical bone in a group of women above the age of 60 years with fractures of the neck of femur. Similar measurements have been made in an agematched group of controls for comparison.
Methods
The study, which was approved by the Hospital Ethical Committee, was carried out with the informed consent of each patient. Women above the age of 60 years admitted to Northwick Park Hospital with fractured neck of femur, were studied immediately before discharge. Patients from the same wards, undergoing non-acute elective orthopaedic procedures, were studied for comparison at a similar time after admission.
Bone mineral content was measured with a U. Elsasser et al.
technique previously described (Exner, Prader, Elsasser, Ruegsegger & Anliker, 1979 ) with a computed tomography bone-densitometry system built by the Swiss Federal Institute for Technology in Zurich. The mean radiation dose to bone at the measurement site was 2 mradl measurement (Exner et al., 1979) . Measurements were made on the radius only, at sites 8 and 33% of ulna length proximal to the styloid process. The following quantities were derived from the resulting computer tomograms (i.e. a matrix of local linear attenuation coefficients representing the density distribution in crosssections of the forearm at the selected sites). The standard error on each quantity was approximately 2% (Exner et al., 1979) . (i) The crosssectional area (cm') of the radius at the two sites.
(ii) The total absorption of the radius (cm), i.e., the sum of all local linear attenuation coefficients inside the bone cross-section multiplied by the size (area) of one matrix or picture element. This quantity is highly correlated with the bone mineral content measured by conventional photon absorptiometry. (iii) The bone 'density' of the radius (cm-I), i.e., the mean linear attenuation coefficient of the radius at each site. This quantity is equivalent to the total absorption divided by the corresponding crosssectional area. (iv) 'Trabecular bone density' (cm-I), i.e., the mean linear attenuation coefficient of an area containing only trabecular bone and marrow. This quantity is calculated for the distal (8%) site only. Standing height, sitting height, armspan and body weight were also measured. Body surface area was calculated from the formula of Du Bois (Documenta Geigy, 1970) .
To achieve approximate age-matching for the two groups, only the patients and the controls falling within the age range defined by the lowest age of a fracture patient and the highest age of a control were included in the data evaluation. There were 32 fracture patients and 28 controls, whose mean ages of 73.4 SD 6.1 years respectively were not significantly different.
Student's I-test (two-tailed) was used to compare the significance of differences between the two groups. SD 6.1 and 71.6
Results
Significant differences ( P < 0.05) between fractures and controls were observed for trabecular bone density and total absorption as measured at the distal meazurement site (Table   1) . Bone density and total absorption at the midshaft site tended to be lower in fracture patients than in the controls, but the differences were not significant (0.1 > P > 0.05). There was no evidence that bone density at the distal site, or the cross-sectional areas. were different in the two groups ( P > 0.1).
For the anthropometric data, only the ratio of sitting height to standing height was significantly lower ( P < 0.05). No other quantity differed significantly between the two groups.
Discussion
The results show that the density of trabecular bone at the distal site differed significantly between patients with fractured neck of femur and the controls ( P < 0.02). Total absorption at the same distal site, not unexpectedly, was also significantly different ( P < 0.05), but all other bone mineral quantities, notably those related to cortical bone, were not significantiy different. This suggests that loss of trabecular bone is particularly marked in patients with femoral neck fractures. Nevertheless, we have found a large overlap between the two groups, as shown for cortical bone by Wootton et al. (1979) . The low levels, or lack, of statistical significance of the differences of the various bone mineral quantities is in contrast to some previous observations (Nilsson, 1970; Alhave & Karjalainen, 1973) . The reason for this seems to be the close similarity of our two populations with regard to the anthropometric data. However, the small difference in the ratio of sitting height to standing height suggests that the incidence of spinal osteoporosis is slightly higher in our patient population than in the controls. Comparison with the data of Nilsson (1970) suggests that both our populations include a considerable number of osteoporotic patients. Thus o u r results indicate that if patients with femoral neck fracture are compared with the controls who are not only age-matched, but who are also of comparable stature. the most significant difference between the groups is in trabecular bone. This supports the hypothesis that, in patients with generalized osteoporosis, it is the disproportionate loss of trabecular bone which predisposes to fractures of the proximal femur.
Our results also confirm the unique ability of computed tomography to allow differential measurements of bone density in adjacent regions of cortical and trabecular bone and to provide data not previously within reach of atraumatic techniques for bone mineral determination. 
